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serious side effects no predictive risk factors could be 
isolated.  
 
Conclusion: The currently available data seems to be not 
adequate to give a general recommendation, on weather RT 
could be combined with nTTs in clinical routine. If 
application is carried out on an individual basis it should be 
done under close clinical surveillance. Multicentric 
observational studies are needed to address this clinical 
relevant problem. 
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Purpose or Objective: Over the years, radiochromic film 
became a reference dosimetry system of choice for two-
dimensional dose distribution measurements with acceptable 
accuracy and uncertainty in both clinical and research 
applications. Nonetheless, response of the film might be 
influenced by factors other than irradiation (humidity, 
extreme temperature and/or exposure to UV light) that could 
lead to decreased measurement accuracy. We investigate the 
use of a control film piece, which should compensate for the 
film response changes other than radiation. 
 
Material and Methods: Response of EBT3 film was measured 
in terms of net transmittance calculated using green channel 
from 48-bit RGB image of film pieces scanned with Epson 
Expression 10000 XL flatbed scanner. We established a 
calibration curve for the radiochromic film dosimetry system 
in a dose range up to 20 Gy. Then, we irradiated “control” 
film pieces to several known doses from 0.05, to 1 Gy, as 
well as five film pieces of the same size to “unknown” doses 
of 2, 5, 10, 15 and 20 Gy. Impact of correcting measured 
(“unknown”) doses using “control” film pieces were 
investigated in terms of both gain in the accuracy and at the 
same time loss of uncertainty of such determined dose. 
Depending on a dose range, two approaches of incorporating 
control film piece were investigated. In a signal based 
method, response of the control film piece is subtracted from 
the measuring film piece and the final change in response is 
converted into the dose using calibration curve. In a dose 
based method, both readings of measuring and control film 
pieces are converted to dose using the same calibration curve 
followed by subtracting the control film piece “equivalent” 
dose from the dose obtained with measuring film piece. 
 
Results: Figure 1 summarizes results of our investigation into 
trade-off between gain in accuracy and loss in uncertainty 
when the control film piece is used, and we found that both 
are dependent on dose level measured. For dose values 
above 10 Gy, the increase in accuracy of 3% results in 
uncertainty loss of 5% by using dose corrected approach, 
where the measured film response corresponded to 2% of the 
dose response registered with measuring film piece. At lower 
doses and signals of the order of 5% (measured by control 
film piece) we observed an increase in accuracy of 10% with a 




Conclusion: Use of the control (un-irradiated) film piece for 
dose measurements in reference radiochromic film dosimetry 
is highly recommended. At lower doses, the signal based 
method should be used, while at higher doses the dose 
correction method seems to be more appropriate. However, 
final incorporation of the signal registered by the control film 
piece into dose measurement analysis should be a judgment 
call of the user based on a tradeoff between deemed 
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Purpose or Objective: To estimate and correct the 
systematic bias which results from the intra-chamber dose 
gradients when a Farmer ionization chamber is used for 
reference dosimetry (TRS 398, IAEA 2000) in flattening-filter-
free (FFF) MV photon beams. 
 
Material and Methods: An intra-chamber dose gradient 
correction factor (K_icdg) of the charge reading of a Farmer 
ionization chamber, when used for reference dosimetry (TRS 
398, IAEA 2000) in flattening-filter-free (FFF) MV photon 
beams, is proposed. This is achieved through a user 
intercomparison of the Farmer ionization chamber with a 
small volume (~ 0.1 cm³) ionization chamber, and by 
estimating the inaccuracies of this intercomparison. Further, 
the factor K_icdg is theoretically developed in terms of the 
corrections for both volume averaging effect (P_vol) and 
charged particle fluence perturbation (P_fl). The factor P_vol 
is then estimated as the ratio of the active length (L) of the 
Farmer ionization chamber (L= 24 mm) over the integral, 
computed on L, of a high-resolution FFF transverse dose 
profile (Figure 1). Once K_icdg and P_vol are known, P_fl is 
finally deduced. 
 
Results: The estimated overall standard uncertainties on the 
absorbed dose to water determination in reference 
conditions, for 6 MV and 10 MV FFF beams, were 1.5 % for the 
small volume ionization chamber (30013™, PTW), and 1.4 % 
for the K_icdg-corrected Farmer ionization chamber (30013™, 
PTW). In the latter case, the added uncertainty from the 
measure of K_icdg was balanced by the higher long-term 
stability of the Farmer ionization chamber. From four distinct 
dosimetry sessions on a TrueBeam™ (Varian Inc.) linac, mean 
(sd) values for K_icdg equal to 1.0024 (0.0003) for 6 MV-FFF 
and 1.0056 (0.0003) for 10 MV-FFF, were estimated. 
Similarly, P_vol equal to 1.0030 (0.0001) for 6 MV-FFF, and to 
1.0064 (0.0004) for 10 MV-FFF, respectively, were measured. 
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Finally, P_fl equal to 1.0021 (0.0004) for 6 MV-FFF, and to 
1.0033 (0.0005) for 10 MV-FFF, respectively, were computed. 
Figure 1. Average transverse dose profiles of the (10x10) cm² 
field, for 6 MV (gray) and 10 MV (black) FFF photon beams 
from a TrueBeam™ (Varian Inc.) linac, scanned, along L= 24 
mm with 0.5 mm step, by a shielded p-diode (T60016™, PTW) 
at 10 cm of depth in water with SSD= 90 cm. (±1sd)-error bars 
(<0.1 %) refer to four sessions of measurements spanning 




Conclusion: The factor K_icdg, which can be approximated 
by P_vol within 0.1 %, corrects for a dose error up to -0.6 % in 
reference dosimetry of the 10 MV-FFF photon beam when a 
Farmer ionization chamber is used. 
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Purpose or Objective: To study the dosimetric properties of 
TLD2000 thermoluminescent dosimeter (TLD), including 
repeatability, linearity of dose response, energy response and 
dose rate effect. 
 
Material and Methods: 1300 TLD2000 TLDs were read out 
after exposure to a dose of 1 mGy of 65 keV x-ray, then were 
sorted out to have the same sensitivity within ±3.0%. TLDs 
were irradiated to a dose of 120 MU using 6 MV x-ray, then 
irradiated to the same dose after 24 h. TLDs were irradiated 
with two I-125 seeds with the same activity for 24 h, and the 
interval time was 24 h, to study the repeatability of TLDs for 
6 MV x-ray and I-125 seed. TLDs were irradiated to different 
doses using Cs-137 (662 keV γ-ray), I-125 seed and 6 MV x-
ray, to study the dose response of the TLDs. TLDs were 
irradiated to a dose of 1 mGy using Cs-137, 48 keV, 65 keV, 
83 keV, 118 keV and 250 keV x-rays, to study the energy 
response of the TLDs. TLDs were irradiated to a dose of 120 
MU using 6 MV x-ray with different dose rates of 37 MU/min, 
75 MU/min, 150 MU/min, 300 MU/min and 600 MU/min; TLDs 
were irradiated to the same dose using three 125I seeds with 
different activities of 0.739 mCi, 0.675 mCi and 0.559 mCi, 
and the irradiated time were 24 h, 26h 17 min and 31 h 48 
min, respectively, to study the dose rate effect of TLDs for 6 
MV x-ray and 125I seed. 
 
Results: 350 TLD2000 TLDs were selected with the sensitivity 
within ±3.0%. The maximum deviations of the repeatability 
were 2.7% and 4.0% for 6 MV x-ray and I-125 seed, 
respectively. The dose response of TLDs for Cs-137 and I-125 
seed were linear. For 6 MV x-ray, the linear response range 
were 0.74 Gy-10.0 Gy, beyond 10.0 Gy the dose response 
became supralinear but proportional to the absorbed dose to 
TLD. The energy response for 48 keV, 65 keV, 83 keV, 118 
keV and 250 keV x-rays, relative to the energy response of 
Cs-137, were 1.25, 1.08, 0.99, 0.91 and 0.96, respectively. 
There were no dose rate effects in the dose rate range of 37 
MU/min to 600 MU/min for 6 MV x-ray and 0.66 cGy/h to 0.87 
cGy/h for I-125 seed. 
 
Conclusion: TLD2000 TLD has good repeatability and linear 
dose response for Cs-137, I-125 seed and 6 MV x-ray without 
dose rate effect, but the dose response is energy dependent. 
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Purpose or Objective: At our institute a prototype of a MRI-
Linac (MRL) has been installed combining imaging (MRI, 
Philips) with treatment (Linac, Elekta). However before 
starting patient treatments, extensive machine quality 
assurance (QA) must be investigated including QA of 
treatment-plans. Standard electronic equipment is not MR-
safe so patient-specific QA systems have had to be re-
designed, and the performance of a new system in a 1.5 T 
magnetic field must be tested. The purpose of this study was 
to examine and characterize the performance of the newly 
developed MR-compatible Delta4 phantom in a transverse 1.5 
T magnetic field. 
 
Material and Methods: A prototype MR-compatible version of 
the Delta4 QA phantom (ScandiDos AB) was used in these 
measurements. To characterize this QA-system, the short-
term reproducibility, dose linearity, field size dependence, 
dose rate dependence, dose-per-pulse dependence and 
angular dependence were evaluated on a conventional linac 
(B0=0, Elekta, 6MV Flattened (FF) and 6MV Flattening Filter 
Free(FFF) beam, SAD of 100 cm) and the MR-linac (B0 = 1.5 T, 
Elekta 6 MV FFF beam, SAD of 142.7 cm). All measurements 
were normalized to the readings of an ionization chamber. 
The performance of the MR-compatible Delta4 was also 
compared to that of a commercially-available clinical version 
in use in our department. 
 
Results: The maximum differences between the clinical and 
the MR-compatible Delta4 measurements on a conventional 




Measurements are currently being performed on the 1.5 T 
research-prototype MRL. Analysis of the preliminary data 
show similar behavior to the measurements performed 
without magnetic field. Final results will be presented.  
 
Conclusion: The characteristics and performance of the MR-
compatible Delta4 have been investigated. There are no 
significant differences found between the clinical phantom 
and the MR-compatible phantom. The preliminary results at 
the MR-linac are consistent with those from the clinical linac.  
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Purpose or Objective: Most irradiation technics require dose 
computing from TPS. Calculation accuracy highly depends on 
the measurements used for beam modeling. Depending on 
their characteristics, available detectors may be best suited 
for specific field sizes when measuring Output Factors (OF). 
Recent studies compare several active with passive detectors 
and MonteCarlo calculation. The goal of our study is to 
